Gonococci were labelled with lZ5I using the lactoperoxidase system. The amount of label incorporated was similar with all strains including those which appeared capsulated. Electrophoresis on sodium dodecyl sulphate-polyacrylamide gels revealed that the major proteins labelled were those found in outer membrane preparations. Comparison of variants of one strain showed that the major outer membrane protein (protein I) was always present and heavily labelled. The second major protein (protein 11) was present in variable amounts but labelling was proportional to the amount present. A third protein (111) was only present in outer membranes from a freshly isolated variant but was present in whole cells of each strain. Protein I11 was not labelled in whole cells but was labelled in outer membrane preparations suggesting that many membranes have their inner surface exposed. The labelling of a strain adapted to growth in guinea-pig chambers failed to reveal any new major surface proteins. The results demonstrate the variation in surface topography possible with variants of one strain of gonococcus but show that one major protein antigen is always expressed on the surface.
INTRODUCTION
The surface components of bacterial pathogens play a critical role in the primary interactions with the host which determine whether or not an infection is established (Smith, 1977) . In gonorrhoea, an understanding of such interactions would be of particular relevance in explaining the ability of gonococci to attach to and invade mucosal surfaces of the genital tract and to evade the normal host defence mechanisms. Similarly, knowledge of the components expressed on the gonococcal surface is of great interest in the current search for possible vaccines since antibodies to surface components might be expected to inhibit attachment and promote phagocytosis and complement-mediated serum killing. Such components are likely to be found in the outer membrane and, when they are present, in pili and capsules. Capsules have recently been reported to be present on several strains of gonococci grown under a variety of special cultural conditions (Hendley et al., 1977; Richardson & Sadoff, 1977; James & Swanson, 1977; Hormaeche et ul., 1978) and, if present in vivo, are likely to play an important role in evading host defences. The presence of pili on the more virulent T1 and T2 colony forms is associated in vitro with increased attachment to human cells (Swanson, 1975) , and antibodies to pili inhibit attachment (Tramont, 1976) . Pili are not absolutely necessary for attachment in vitro; their role may be to facilitate attachment by overcoming the initial electrostatic repulsive barrier between gonococci and host cells (Heckels et ul., 1976) with final adhesion involving the gonococcal 214 J. E. HECKELS outer membrane. Components of the outer membrane have been associated with the serological specificity of gonococci (Johnston et al., 1976) , strain-related immunity to gonococcal challenge of subcutaneous chambers implanted in guinea-pigs (Buchanan et al., 1977) , association of gonococci with leukocytes, susceptibility to proteolytic enzymes and with aggregation characteristics (Swanson, 1977) .
Unlike pili and capsules, the outer membrane is a multi-component system containing proteins and lipopolysaccharide (LPS) (Johnston & Gotschlich, 1974) not all of which are necessarily exposed on the outer surface of the cell. Previous studies on a laboratory strain Neisseriu gonorrhoeae ~9 showed the presence in the outer membrane of LPS and two major proteins which were isolated and purified (Heckels, 1977) . Further work on the parent strain of ~9 , which had been maintained with minimum subculture, showed the presence of a third major outer membrane protein which was also isolated (Heckels & Everson, 1978) .
Little is known of the distribution of protein antigens on the gonococcal surface. In a previous study, surface proteins were labelled with an impermeable dansyl chloridecycloheptamylose complex (Heckels, 1977) but this has proved relatively insensitive and difficult to quantify. Work by Swanson (1977) has shown that the surface proteins labelled with 1251 using the lactoperoxidase-H 202 system showed significant differences which could be related to the colonial forms from which they were derived. The aim of the present work has been to compare the labelling of surface proteins in strains of which we have previously studied the outer membrane proteins, to quantify the differences between variants of the same strain and to compare the surface labelling of capsulated and non-capsulated gonococci.
METHODS
Bacterial strains and growth conditions. Neisseria gonorrhoeae strains ~9 and ~6 2 had been maintained in this laboratory for some years; strain p9(ps) was the parent strain of p9 and had been subjected to minimum subculture in vitro; strain P~( G P~) was derived from p9(ps) by three passages through subcutaneous chambers implanted in guinea-pigs according to the method of Veale et al. (1975 For isolation of outer membranes, bacteria were grown overnight on 27 x 37 cm trays of Difco GC medium as previously described (Heckels, 1977) . For autoradiography, bacteria were grown on 8.5 cm plates of the same medium or on the typing agar described for growth of capsulated gonococci (James & Swanson, 1977) .
Isolation of outer membrane complex. Outer membranes were extracted into 0.2 M-lithium acetate as previously described (Heckels, 1977) .
1261-labelling of intact gonococci. Bacteria were harvested from solid media into ice-cold complete Dulbecco phosphate buffered saline pH 7.4 (PBS; Oxoid). The suspension was centrifuged at 5000 g for 10 min and the pelleted bacteria were resuspended in PBS. The concentration of the suspension was adjusted so that a 10-fold dilution had an A550 of 1.0 (measured in a Pye Unicarn SP1800 spectrometer) corresponding to an original concentration of about 2.8 x loD colony forming units ml-l. Labelling with la51 and lactoperoxidase was based on the methods of Marchalonis et al. (1971) and Swanson et al. (1975) . The bacterial suspension (0.5 ml) was warmed to 30 "C then 50 pl lactoperoxidase solution (1.0 mg ml-l; Sigma) and 50 pl carrier-free Na1251 solution (1 mCi ml-l; The Radiochemical Centre, Amersham) were added. The reaction was started by the addition of 0.01 M-H,O, (50 ,A) and maintained by further additions at 2.5, 5 and 7.5 min. After 10 min, 5 mwcysteine in PBS (10 ml) was added and the mixture was centrifuged at 15 OOO g for 20 min. The labelled gonococci were washed three times in PBS before samples were taken for protein analysis (Lowry et a/., 1951) and gamma counting (LKB WaIlac) to determine the amount of le61 incorporated.
Sodium dodecyl sulphate (SDS)-polyacrylamide gel electrophoresis. Samples of labelled gonococci were subjected to SDS-polyacrylamide gel electrophoresis in the discontinuous buffer system of Laemmli (1970) using a slab system (Raven Scientific, Haverhill, Suffolk) with a 12% (w/v) separating gel of 1 x 100 x 200 mm and a 3 % (w/v) stacking gel of 1 x 30 x 200 mm. Samples were dissociated in 0.062 M-Tris/HCl buffer pH 6.8 Outer membrane protein antigens of gonococci 215
phenol blue at 37 "C for 2 h or 100 "C for 5 min. Samples were routinely treated at 37 "C as this gave the best resolution of protein 11. No precautions were taken t o avoid proteolysis at 37 "C but the pattern obtained was similar to that of samples treated at 100 "C, with the exception of the change in mobility of protein I1 previously reported (Heckels, 1977) . Electrophoresis was carried out at a constant current of 30mA until the bromophenol blue tracking dye was about 10 mm from the end of the gel. Proteins were detected by staining with Coomassie blue and destaining in propan-2-ol/acetic acid according to the method of Fairbanks et aE.
(1971). After destaining, gels were shrunk in 50 berg, 1977 ) before drying in a slab drying apparatus (Raven Scientific). For autoradiography, dry gels were placed in contact with Kodak X-Omat MA X-ray film for 24 to 48 h before developing.
To quantify the amount of lZ5I incorporated into each band, samples were subjected to electrophoresis in a tube system using a 12 % acrylamide separating gel (Heckels, 1977) . After staining for protein, gels were scanned with a Pye Unicam SP1809 scanning densitometer, and then frozen and cut into 1.5 mm slices which were counted for radioactivity.
RESULTS A N D DISCUSSION
Comparison of diflerent strains of gonococci SDS-polyacrylamide gel electrophoresis of whole gonococci showed numerous protein bands, most of which were present in all strains (Fig. 1) . Among the strongest bands were three with molecular weights corresponding to the three major proteins which have previously been found in outer membranes (Heckels, 1977; Heckels & Everson, 1978) . Protein I11 was identical in all strains, while protein I showed minor variations consistent with the hypothesis that it corresponds to the principle outer membrane protein of Johnston et al. (1976) which shows alterations in molecular weight corresponding to altered serological specificity. Protein 11, however, was more variable in intensity and could not be seen in some strains. Autoradiography of lactoperoxidase-labelled gonococci showed markedly fewer bands, most of which were in the molecular weight range 24000 to 38000 that is characteristic of outer membrane proteins (Fig. 2) . Protein I and, when present, protein I1 were heavily labelled, but protein I11 was labelled much less intensely. Labelling was largely confined to the major outer membrane proteins; the other bands visible (Fig. 2) represented minor outer membrane proteins and possible trace contamination with cytoplasmic components. The specific activity of the labelled gonococci fell within a restricted range for all the strains examined, namely 2.5 to 5 nCi per pg whole cell protein. Thus, although some variation is seen in the nature of the proteins exposed, the total amount of protein found on the gonococcal surface varies little from strain to strain.
Comparison of capsulated and non-capsulated forms of strain ~9
Staining of I?. gonorrhoeae ~9 and its parent strain showed few capsules, but a spontaneous variant and guinea-pig chamber adapted organisms grown with one subculture on capsule agar showed a halo similar to that seen by others (James & Swanson, 1977; Richardson & Sadoff, 1977) . Protein staining after SDS-polyacrylamide gel electrophoresis of whole cells failed to reveal any significant differences between the capsulated forms and the parent strain ( Fig. 1 tracks b, f, g ) . Labelling with 1251 and lactoperoxidase gave a similar ratio of pCi label incorporated per pg cell protein with each strain. Similarly, autoradiography of SDS-polyacrylamide gels showed little difference, the label being largely located in protein of molecular weight 36000 (Fig. 2) . This corresponds to protein I, the major outer membrane protein.
Thus, although the bacteria appear to be surrounded by capsule, the labelling properties are identical to those of the parent strain, suggesting that the large lactoperoxidase molecule (molecular weight 78000) is able to penetrate the capsular material. An alternative explanation is that lactoperoxidase is unable to penetrate but that reactive species generated are able to do so. This appears unlikely since studies of the lactoperoxidase reaction suggest Outer membrane protein antigens of gonococci 217 that the enzyme forms a direct complex with the substrate to be iodinated (Morrison & Bayse, 1970) . Nevertheless, the observation that the capsulated forms are more resistant to killing by complement and antibody to lipopolysaccharide (Ward et al., 1978) suggests that the capsule is a sufficient barrier to penetration of the larger immunoglobulin molecules, presumably its ultimate function in vivo.
The failure to detect additional surface proteins on gonococci subcultured once after passage through guinea-pig chambers is also of some interest in view of the report that extracts of such organisms contain one or two additional proteins which may be responsible for the altered biological properties of these strains (Penn et al., 1976) . These authors suggested that the additional components were probably surface components. The present study suggests that this is unlikely, at least with the strain of guinea-pig adapted gonococci we have used.
Comparison of variants of strain ~9 Protein staining of SDS-polyacrylamide gels of whole cell extracts of the variants of strain ~9 showed differences in intensity of the band corresponding to protein I1 (Fig. 1,  b to e) . The differences were reflected in the degree of labelling of protein I1 seen in autoradiograms (Fig. 2) . In order to quantify the differences between the parent and laboratory strains and between type 1 and type 4 colony forms, samples were run in a disc gel system. After staining, the rods were scanned by densitometer and, from the trace, the amount of each outer membrane protein was measured in terms of the peak area. The rods were then sliced and counted for radioactivity. For each outer membrane protein peak, Table 1 shows the area of the peak relative to that of protein I, the percentage of the total cdunt in the peak and hence the specific activity of that protein relative to protein I. The intensity of protein staining cannot be ascribed solely to outer membrane protein since non-outer membrane proteins may co-migrate on electrophoresis. However, while a large variation was seen in the intensity of the protein I1 band, the label incorporated into protein I1 changed in proportion so that the specific activities were remarkably similar (Table l) , strongly suggesting that protein I1 was the only protein present in that band and only it varied in intensity. This was confirmed by the observation that when the cells were derivatized at 100 "C the band almost disappeared and was replaced by a band corresponding to protein TI* (molecular weight 29 500) exactly as seen with isolated outer membrane (Heckels, 1977) . The constant specific activity of protein I1 demonstrates that, while large variations are possible in the absolute amount of it present in cells, the same proportion is always exposed on the surface. The reason for the alteration in the amount of protein I1 present in the variants is uncertain. This protein appears identical to that exclusively implicated, by two groups, in the formation of 'dark' colony types (Walstad et al., 1977; Swanson, 1977) . In the present study, colony coloration was monitored and the variants selected were of approximately the same coloration type. If the variations observed were indeed due to slight differences in coloration then this would re-enforce the plea for describing coloration of colonies in terms which are quantitative and intelligible to other investigators (Swanson, 1977) .
The behaviour of protein 111 is markedly different in that the amount present remains almost constant but the degree of labelling is much less efficient. The relatively poor labelling could be due either to its absence from the cell surface or to lack of the suitably exposed tyrosine residues required by the lactoperoxidase system. However, treatment of isolated outer membranes shows that protein I11 is readily labelled (Table 1) . We can conclude that little protein 111 is expressed on the surface of intact cells but that it is more probably loosely attached to the inner surface of the outer membrane and only exposed during outer membrane preparation. This is consistent with the evidence of electron micrographs of gonococci following the lithium acetate extraction procedure which show the outer membrane peeling away to expose both inner and outer surfaces (unpublished observation). This location * Outer membrane complex prepared from a separate batch of p9(ps) T1; some variation in protein I1
content is inevitable, in addition some loss of protein I into the supernatant occurs during membrane preparation, hence the apparent increase in protein I1 content.
would explain the ease of extraction of protein I11 from outer membranes by 6 M-urea which does not dissociate the remaining components and might also explain the apparent anomaly that while protein I11 is found in whole cells of each of the variants it is only found in outer membranes prepared from the parent strain (Heckels & Everson, 1978). Presumably the different relative proportions of proteins I and I1 can sufficiently alter the membrane properties to make the already loose association with protein TI1 less strong so that it may be lost during preparation of the outer membrane. The differences in outer membrane protein composition show the variation possible even with a single strain of gonococcus: nevertheless, the data show that in each case protein I is a major component of the surface. The absence of protein I11 and the variability of protein I1 on the gonococcal surface suggests that perhaps protein I is the most promising candidate of the outer membrane proteins to be of value in the current search for a gonococcal vaccine.
